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Abstract

A link is found between the, variability of Arctic sea ice export through Fram Strait and the phase

of the longest atmospheric planetary wave (zonal wave 1) in SLP for the period 1958-1997.
Previous studies have identified a link between Fram Strait ice export and the North Atlantic

Oscillation (NAO), but this link has been described as unstable because of a lack of consistency

over time scales longer than the last two decades. Inconsistent and low correlations are also

found between Fram Strait ice export and the Arctic Oscillation (AO) index. This paper shows

that the phase of zonal wa_e I explains 60%-70% of the simulated Fram Strait ice export

variance over the 40-year period 1958-1997. Unlike the NAO and AO links, these high
variances are consistent fol both the first and second halves of the 40-year period. This

consistency is attributed to the sensitivity of the wave 1 phase at high latitudes to the presence of

secondary low pressure systems in the Barents Sea that serve to drive sea ice southward through

Fram Strait. These results provide further evidence that the phase of zonal wave 1 in SLP at high

latitudes drives regional as well as hemispheric low frequency Arctic Ocean and sea ice

variability.
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This paper describes a link between Arctic sea ice export through Fram Strait and variations in

the phase of the longest atmospheric planetary-scale wave (zonal wave l) in sea level pressure

(SLP). Arctic sea ice export through Fram Strait is an important climate parameter that serves to
modulate the North Atlantic thermohaline circulation. Previous studies have found a link

between the ice export through Fram Strait and the North Atlantic Oscillation (NAO), but this

link has been described as unstable because of a lack of consistency over time scales longer than
the last two decades. Inconsistent and low correlations are also found between Fram Strait ice

export and the Arctic Oscillation (AO) index. This paper shows that the phase of zonal wave 1

explains 60%-70% of the simulated Fram Strait ice export variance over the 40-year period

1958-1997. Unlike the NAO and AO links, these high variances are consistent for both the first

and second halves of the 40-_ear period. This consistency is attributed to the sensitivity of the

wave 1 phase at high latitudes to the presence of secondary low pressure systems in the Barents

Sea that serve to drive sea ice southward through Fram Strait. These results provide further

evidence that the phase of zonal wave 1 in SLP at high latitudes drives regional as well as

hemispheric low frequenc2_ Arctic Ocean and sea ice variability.
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The significance of this paper is that it provides a link between Arctic sea ice export through

Fram Strait and variations in Ihe phase of the longest atmospheric planetary-scale wave (zonal

wavel) in sea level pressure (SLP). Arctic sea ice export through Fram Strait is an important

climate parameter that serves to modulate the North Atlantic thermohaline circulation. Previous

studies have found a link between ice export through Fram Strait and the North Atlantic

Oscillation (NAO), but this link has been described as unstable because of a lack of consistency

over time scales longer than the last two decades. Inconsistent and low correlations are also

found between Fram Strait ice export and the Arctic Oscillation (AO) index. This paper shows

that the phase of zonal wave I explains 60%-70% of the simulated Fram Strait ice export

variance over the 40-year period 1958-1997. Unlike the NAO and AO links, these high

variances are consistent for both the first and second halves of the 40-year period. This

consistency is attributed to the sensitivity of the wave 1 phase at high latitudes to the presence of

secondary low pressure systems in the Barents Sea that serve to drive sea ice southward through

Fram Strait. These results previde further evidence that the phase of zonal wave 1 in SLP at high

latitudes drives regional as w,zll as hemispheric low frequency Arctic Ocean and sea ice

variability. This research supports NASA's Earth Science Enterprise science goal of observing

and understanding how the Earth climate system is changing.
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Abstract

A link is found between the variability of Arctic sea ice export through Fram Strait and the phase

of the longest atmospheric planetary wave (zonal wave 1) in SLP for the period 1958-1997.

Previous studies have identified a link between Fram Strait ice export and the North Atlantic

Oscillation (NAO), but this iink has been described as unstable because of a lack of consistency

over time scales longer than the last two decades. Inconsistent and low correlations are also

found between Fram Strait ice export and the Arctic Oscillation (AO) index. This paper shows

that the phase of zonal wave 1 explains 60%-70% of the simulated Fram Strait ice export

variance over the 40-year period 1958-1997. Unlike the NAO and AO links, these high

variances are consistent for both the first and second halves of the 40-year period. This

consistency is attributed to the sensitivity of the wave 1 phase at high latitudes to the presence of

secondary low pressure systems in the Barents Sea that serve to drive sea ice southward through

Fram Strait. These results provide further evidence that the phase of zonal wave 1 in SLP at high

latitudes drives regional as _ell as hemispheric low frequency Arctic Ocean and sea ice

variability.

Introduction

Arctic sea ice export through Fram Strait is an important climate parameter that serves to

modulate the North Atlantic _hermohaline circulation (Mauritzen and H_ikkinen, 1997). The
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link betweentheiceexportthroughFramStraitandtheNorthAtlantic Oscillation(NAO) has

receivedconsiderableattenton recently(e.g.,Kwok andRothrock,1999;Dicksonet al., 2000;

Hilmer andJung,2000;JungandHilmer, 2001;Vinje, 2001),but themechanismby whichthe

atmospheredrivestheiceexporton time scaleslongerthanthelast two decadesremainsin

question.

Overa 5-yearperiod,Kwok andRothrock(1999)foundacorrelationof 0.56betweenthe

volumeflux of ice throughFramStraitandthewinterNAO, while for the 20-yearperiod 1976-

1995,Dicksonet al. (2000) i:oundthattheNAO explainsabout60%of thevariancein theFram

Straitice flux, but theysuspectthatthehighcorrelationbreaksdownfor longerperiods. On the

otherhand,Hilmer andJung(2000)discoveredno significantcorrelationbetweenArctic seaice

exportandtheNAO from 1958to 1977,but for theperiod1978-1997thecorrelationincreased

to 0.7. Most recently,Vinje (2001)obtainedacorrelationof only 0.1betweentheFramStrait

iceexportandtheNAO indexfrom ananalysisof a 50-yeartime series(1950-2000)of

parameterizedmonthly icevolumeflux throughFramStrait. Hilmer andJung(2000)foundthe

samelow correlationfor the40-yearperiod1958-1997.Overtheperiod1976-1996,Dicksonet

al. (2000)obtaina correlationof 0.77from parameterizedicevolumeflux. Vinje (2001)found a

negativecorrelationof-0.3_ for theperiod1962-1978andalsodiscoveredthatonly for certain

periodsis therea significantcorrelationbetweentheNAO andthe Arctic ice flux. Vinje (2001)

sumsup thesituationby statingthatrecentobservationalandmodelingstudiesprovideevidence

of anunstablelink between1heNAO andiceexportthroughFramStrait.

In thisstudy,comparisonsaremadebetweentheJanuaryFramStrait iceexportand

correspondingvaluesfor (a) theNAO index,(b) theArctic Oscillation(AO) index,and(c) the

phaseof the longestplanetary-:_caleSLPwave,zonalwave 1,for theperiod1958-1997. Based

ontheresultsof thesecomparisons,weconcludethatfluctuationsin thephaseof zonalwave 1
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provideareasonablemechaai,;mby whichmostof theFramStrait ice flux variancecanbe

explainedoverthe40-yearl_eriod.

Results

SimulatedicevolumetransportthroughFramStraitwasobtainedfor the40-yearperiod

1958-1997from two dynamic-thermodynamicicemodels.Thereasonfor usingsimulations

from two differenticemodelsis to showthattheresultspresentedarenotmodelspecific. The

first modelis acoupledice-oceanmodelforcedby monthly surfacewind andair temperature

dataderivedfrom theNCEF;_rCARreanalysisprojectandis describedby HS.kkinenandGeiger

(2000). Thesecondmodelis forcedby daily surfacewind andair temperaturedataalsoderived

from theNCEP/NCARreanalysisproject(Hilmer, 2001). Trenberth'sNorthernHemisphere

monthlysealevelpressure(SI_,P)gridsobtainedfrom NCAR wereanalyzedfor thesame40-year

periodto obtainphaseandamplitudeinformationof the longestplanetary-scalewavesfor the

latitudeband70°N to 800N following theproceduredescribedby CavalieriandHS.kkinen

(2001). ThemonthlyNAO indiceswereobtainedfrom Jim Hurrell's website atNCAR andthe

monthlyAO indiceswereobtainedfrom theatmosphericscienceweb siteatColoradoState

University. Comparisonsar.• madefor themonthof Januarywhenthe wintertimeatmospheric

circulationis well developed.

Time seriesof theJamaryFramStraitsimulatediceexportfrom bothmodelsversusthe

JanuaryNAO index,theJanaa_ryAO index,andtheJanuaryphaseof zonalwave 1for the70_'-

80°Nlatitudebandareshownin Figure 1. Examinationof this figure showsthatboth theNAO

andAO indicesexhibit anegativecorrelationfrom 1958until themid 1970'swhenthe

correlationthenbecomespo:dtJvefor theremainderof theperiod. In contrast,the association

with thephaseof wave1is t,os,itivefor theentire40-yearperiodexceptin themid 1960'swhen

therewasarapideastwardshift in phaseprecedingthereductionin amplitudeof thedominant
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wave1highlatitudecircula::ionpattern(CavalieriandH_ikkinen,2001). Examinationof Figure

1alsoshowsthehigh correlationbetweentheiceexportsimulationsfrom thetwo models. For

this reason,theJanuaryFramStrait iceexportdatashownin thescatterplotsof Figure2 are

from theH_kkinenandGeiger(2000)modelonly. Figure2 showstheFramStrait iceexportfor

theyears1958-1997versus(a) theNAO index,(b) theAO index,(c) wave1phase,and(d) wave

1phasewithout theinclusionof 1966and1967.Thewave 1phasefor thesetwo yearsappearto

beanomalousandasmentic.nedpreviouslyprecededthebreakdownof thehigh latitudewave 1

atmosphericcirculationin themid 1960's(CavalieriandH_ikkinen,2001). Theice flux variance

explainedby theNAO indey_is 0.00overthis period,aresultconsistentwith Hilmer andJung

(2000). Similarly, thevarianceexplainedby theAO indexis alsoinsignificant,but thevariance

explainedby thewave 1pheseat a latitudeof 70-80N is 37%andincreasesto 71% whenthe

two anomalousyears1966and!1967areremoved.

The40-yearperiod1958-1997is nextdividedinto two halvesto examinetheconsistency

of therelativelyhighcorrelationbetweentheFramStrait iceexportandthephaseof wave 1.

Theresultsareshownin Figure3. Thecorrelationsfor both theNAO andAO indicesreverse

signfor thetwo periodsgoir,g from negativeto positive,while thecorrelationinvolving thewave

1phaseis consistentlypositive.Table1providesa summaryof thevariancesexplainedaswell

asthecorrelationsfor eachi_ldexandthewave1phasefor theentire40-yearperiodandfor the

first andsecond20-yearperiods. Theresultsfor bothsetsof simulatedice flux areincluded.

Theresultsshowgenerallysmallvariancesandcorrelationsfor theNAO andAO indicesfor the

individual periodsandanevensmalleroverallcorrelationresultingfrom thechangein sign

betweenthetwo halves. ThenegativecorrelationbetweenthesimulatedFramStrait ice fluxes

andtheNAO indexfor thefirs1:half is -0.32 and-0.31 for theHS.kkinenandHilmer simulations

respectively,in agreementwitl_thenegativecorrelation(-0.32)obtainedby Vinje (2001)for the
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period1962-1978.In contrast,thecorrelationsobtainedusingthephaseof wave 1are

consistentlyabout0.8for b()tksimulatediceflux datasetsfor all threetime periods.

Table 1.JanuaryFramStrat Ice Exportvarianceexplainedby theJanuaryNAO index,the

JanuaryAO index,andthe :anuary wave 1 phase both for the entire 40-year period and for the

first and second 20-year periods from a linear regression analysis. The phase values for years

1966 and 1967 were not included. Corresponding correlations are within parentheses. Results

obtained using both the H_ikkinen and Hilmer simulations are shown for each case.

Period NA()

H_ikkinen Hilmer

AO

H_kkinen Hilmer

Wave 1 Phase

H_kkinen Hilmer

1958-1979 0.10 (-0.32)(). 3 (-0.31) 0.01 (-0.12) 0.01 (-0.12) 0.72 (+0.85) 0.62 (+0.79)

1980-1997 0.02 (+0.15) 0.03 (+0.17) 0.09 (+0.30) 0.11 (+0.34) 0.72 (+0.85) 0.60 (+0.77)

1958-1997 0.0 (-0.04) 0.00 (0.00) 0.01 (+0.12) 0.03 (+0.18) 0.71 (+0.84) 0.59 (+0.77)

Discussion

A comparison of a 40-year record of simulated Fram Strait ice export with both the NAO

and AO indices reveals pool correlations both for the overall period as well as for the first (1958-

1979) and second (1980-1997) 20-year records separately. The results for the NAO index agree

with previously reported correlations (e.g., Vinje, 2001) and reasons for the poor correlations

have been discussed previously by HS.kkinen and Geiger (2000), Jung and Hilmer (2001), and

Vinje (2001). Mean SLP maps for the first and second 20-year periods are shown in Figures 4a

and 4b, respectively. The mean SLP pattern for the second period (Figure 4b) is indicative of a

high NAO pattern. This and the presence of a secondary low in the Norwegian Sea (the mean
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SLP in the region was 8 mb lc,wer on average than during the first 20-year period) explain the

positive correlations for the second 20-year period. This result is consistent with the findings of

Jung and Hilmer (2001). They suggest that the positive correlations reported result from an

eastward shift in the NAO's center of interannual variability during this period. They also

suggest that this NAO patte-n and the high correlation for the 20-year period are unusual at least

in the context of natural clirqate variability.

The phase of wave 1 explains 60%-70% (correlation is about 0.8) of the simulated Fram

Strait ice export variance. The variances and positive correlations are consistent for the first and

second 20-year periods examined as well as for the entire 40-year period. This consistency is

attributed to the variation of the wave 1 phase between two extreme modes (Cavalieri and

H_ikkinen, 2001). The extreme eastward mode is shown in Figure 4c and is characterized by the

extension of the Icelandic Lgw into the Barents Sea, whereas the extreme westward mode shown

in Figure 4d is characterizecl by a deeper Icelandic Low that does not extend into the Barents

Sea. The latter mode is sorr:ewhat similar to the positive NAO pattern. As discussed by

Cavalieri and H_kkinen (2001) and also noted by others (Hakkinen, 1993; Hilmer et al., 1998),

the extension of low pressure into the Barents Sea provides the forcing for ice export through

Fram Strait. The results pre_ented show that the phase of zonal wave 1 at high latitudes is a

highly consistent measure ol" this extension of low pressure into the Barents Sea and as such

provides a useful index for Honitoring ice export through Fram Strait.
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Figures

1. Time series of simulatec! January Fram Strait ice export from both the H_ikkinen and Hilmer

models with January NAO index (top), January AO index (middle), and January wave 1

phase (bottom) for the period 1958-1997.

. Scatter plots of the Janu _ry Fram Strait ice export from the H_,kkinen model for the years

1958-1997 versus (A) NAO January index, (B) AO January index, (C) wave 1 phase, and (D)

wave 1 phase minus data for 1966 and 1967. Linear least squares fit and variance explained

is shown for each plot.

. Scatter plots similar to tho_,;e shown in Figure 2, but for the periods 1958-1979 and 1980-

1997. The plots involving wave 1 phase data do not include data for 1966 and 1967.

. Mean January SLP map,,, for the years (a) 1958 through 1979, (b) 1980-1997, (c) when wave

1 phase is is greater than the mean plus 1 SD, and (d) when wave 1 phase is less than the

mean minus 1 SD. The 1000 mb and 1020 mb isolines are in bold.
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